Tier 1 consists of standardizing basic supplies, procedures, and processes to address steps to disrupt the life cycle of urinary catheters and avoiding urine culture ordering when asymptomatic.
S uccess in reducing rates of catheter-associated urinary tract infection (CAUTI) and unnecessary urinary catheter use has varied over time, by clinical setting, by CAUTI definition, and by data source used for tracking these metrics (1) (2) (3) (4) (5) (6) . Although meta-analyses of the published peer-reviewed literature indicate that up to approximately 50% of CAUTIs can be prevented, many hospitals have had less success (7, 8) .
To help hospitals that still struggle with CAUTI, as well as other health care-associated infections (HAIs), the Centers for Disease Control and Prevention (CDC) funded the STRIVE (States Targeting Reduction in Infections via Engagement) initiative (9) . Beginning in June 2016, the STRIVE initiative rapidly engaged multiple state organizations to partner and facilitate the implementation of a curriculum to prevent HAIs among 4 cohorts of hospitals experiencing high burdens of HAIs, as defined by National Healthcare Safety Network (NHSN) metrics reported by the CDC (Appendix Table, available at Annals.org). This curriculum included a focus on horizontal infection prevention practices as the foundation (13) , as well as vertical approaches targeting prevention of specific HAIs, including CAUTI, central line-associated bloodstream infection (CLABSI), Clostridioides difficile, and hospital-onset methicillin-resistant Staphylococcus aureus bloodstream infection.
With an increasing number of studies describing multicomponent strategies to prevent CAUTI, it can be difficult for hospital teams to choose among interventions to reduce CAUTI. Informed by recent literature reviews and guidelines for prevention of CAUTI in multiple clinical settings, our multidisciplinary team applied a tiered approach to organize and prioritize CAUTI prevention interventions for STRIVE hospitals. This article summarizes the evidence base and development of the tiered approach to prioritize CAUTI interventions.
PROJECT STRUCTURE
With extensive experience in performing and publishing literature reviews focused on CAUTI prevention, team members from the University of Michigan reviewed and summarized several recent and compre-hensive literature reviews as well as recent guidelines. This literature review included 3 systematic reviews funded in recent years by the Agency for Healthcare Research and Quality (AHRQ) to summarize the evidence for CAUTI prevention in the acute care, intensive care unit (ICU), and long-term care settings (7, 14, 15) . The studies reviewed-including design, intervention details, and outcomes-are described thoroughly in these publications and their appendix tables. Multiple guidelines were also reviewed and consulted: the 2009 guideline from the Healthcare Infection Control Practices Advisory Committee (HICPAC) that provides guidance to the U.S. Department of Health and Human Services and the CDC (16) , including application of the GRADE (Grading of Recommendations Assessment, Development and Evaluation) system approach for evaluating quality of evidence and determining strength of recommendations; the 2009 CAUTI International Clinical Practice Guidelines from the Infectious Diseases Society of America (IDSA) (17) ; the 2014 CAUTI guideline update coming jointly from the IDSA and the Society for Healthcare Epidemiology of America (18) ; the 2008 European and Asian guidelines for CAUTI prevention (19) ; and the 2015 evidence-based tool and guidance document from the American Nurses Association (20) . We were also guided by the literature review performed and expert recommendations generated in the published Ann Arbor criteria (21) , as well as the preliminary results of a similarly performed literature review and appropriateness panel ratings for use of catheters in general surgery and orthopedic surgery patients (22) .
In contrast to the literature assessing prevention of CLABSI, the great majority of the current literature on CAUTI prevention reports nonrandomized study designs that are of relatively low quality (14) . Only a few CAUTI studies used the more robust randomized, controlled trial design, and those were often limited to the evaluation of single technological interventions, such as a new securement device or antimicrobial catheter (14 -16, 18) . Consequently, in the 2009 CAUTI prevention guideline from HICPAC-where formal study quality assessment was performed (16)-even the most basic and often perceived as critical interventions for CAUTI prevention (for example, placing indwelling catheters only for appropriate reasons, promptly removing when no longer needed, aseptic insertion and maintenance technique, and implementing quality improvement programs for reducing CAUTI) were given a HICPAC category 1B recommendation (defined as a strong recommendation supported by low-to very-low-quality ev-
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Web-Only CME/MOC activity idence). No CAUTI prevention strategies were given the strongest recommendation of category 1A, reserved for interventions supported by high-to moderate-quality evidence. Other strategies (such as using alternatives to indwelling catheters, improving urine culture stewardship, conducting catheter rounds to survey appropriateness and care adherence, and CAUTI surveillance with regular unit-specific feedback to staff) were recommended as category II, defined as a weak recommendation supported by any quality evidence suggesting a tradeoff between clinical benefits and harms.
More recent literature reviews have not found a change in the types of study designs used for CAUTI prevention interventions (14) . In a 2018 systematic review summarizing 28 studies of interventions for CAUTI prevention in the ICU setting, only 2 were randomized, controlled trials, whereas 26 were nonrandomized before-and-after designs (14) . Furthermore, most studies of CAUTI prevention include multicomponent interventions, with no capability to quantify the impact of individual intervention components (8, 14) .
Measuring adherence to CAUTI prevention interventions is also rarely reported in studies, probably because it is quite resource-intensive and hard to standardize, as it requires observations of busy frontline clinicians. Many studies involving CAUTI prevention are limited to one or a few units, with the majority being single-hospital studies, often of short duration. Thus, many studies are probably underpowered to detect statistically significant changes in either process or outcome measures for CAUTI prevention. It is also often impossible to discern in these types of studies how much a change in CAUTI outcome was due to the intervention itself, versus a decreasing secular trend (which requires longer preintervention data collection, and ideally a concurrent control group). In addition, how much outcome change is related to changes in diagnosis and documentation of CAUTI symptoms, testing due to urine culture stewardship interventions, or even a Hawthorne effect.
On the basis of lessons learned from a prior collaborative that successfully used a tiered approach for CAUTI prevention in Veterans Affairs hospitals (23), our team believed that a tiered approach for implementing interventions would also benefit STRIVE hospitals. The idea with a tiered approach is to recommend lowercost interventions with higher evidence and impact in the first tier of implementation, with more expensive and resource-intensive interventions reserved for the second tier.
Given the increasing number of interventions for preventing CAUTI, we also applied an existing framework of a catheter "life cycle" for organizing and prioritizing interventions that was initially developed for organizing CAUTI prevention interventions (24) . This catheter life cycle model was more recently adapted to be applicable to reducing both urinary and vascular catheter-associated complications, as recently published in a systematic review of ICU interventions for preventing catheter-associated infections (14) .
Disrupting the life cycle of a catheter to prevent complications includes 4 stages. The first and most important stage-stage 0 -is avoiding catheter placement if possible, by application of appropriateness criteria as well as optimizing use of alternatives. The next stage (stage 1) is ensuring aseptic catheter insertion. Stage 2 is maintaining awareness and proper care of catheters in use, and stage 3 is promptly removing catheters when no longer necessary. In addition to improving knowledge and technical skills needed for each stage, clinical experience and the literature support the benefit of socioadaptive interventions to aid in implementing and sustaining changes made in clinical practice to disrupt the life cycle of the urinary catheter (14) .
TIER FRAMEWORK
Team members from the University of Michigan presented a summary of the literature review, guidelines, and a draft of a tiered approach to CAUTI prevention to a multidisciplinary panel at the STRIVE kick-off meeting in March 2016. The meeting included physicians, nurses, and infection prevention specialists who agreed on the tiered approach to CAUTI prevention and the major components of both tiers. The CAUTI tier components, descriptions, and instructions underwent further refinement in discussion by the multidisciplinary STRIVE content development committee, for use in STRIVE educational content modules prepared for clinicians working in acute care, long-term acute care, as well as critical access hospitals.
The Figure shows the final components of tier 1 and tier 2 interventions for preventing CAUTI as implemented in the STRIVE collaborative. Below, we summarize the evidence base and rationale for each tier component (1A to 1E in tier 1 and 2A to 2E in tier 2). Of note, these tiers were primarily developed for acutecare patients, in whom the majority of urinary catheter use is anticipated to be temporary. However, many of the strategies are also applicable to patients with longterm urinary management needs, such as improving catheter maintenance and performing periodic reassessments to determine whether an alternative to indwelling catheter use would be more appropriate (for example, changing to intermittent straight catheterization or an external catheter). A 2017 systematic review of the literature offers additional guidance on prevention of CAUTIs in patients who need long-term catheter placement and patients in long-term care settings (15) . The 2015 Ann Arbor criteria also provide more detailed recommendations comparing urinary management strategies for patients with chronic urinary retention or incontinence (21) .
Tier 1A: Place Indwelling Urinary Catheter Only for Appropriate Reasons
Tier 1 begins with a commonly used strategy: restricting the use of indwelling urinary catheters to appropriate indications (tier 1A). This strategy was supported by all guidelines that were reviewed (16 -18, 20) . Several guidelines (20 -22) provided more specific guidance on indications than earlier guidelines, particularly with respect to clarification of when indwelling catheters were needed in critical illness, wound care, or management of incontinence, as well as perioperative use of catheters. Tables detailing and comparing appropriateness of indwelling catheters, external catheters, and noncatheter strategies for addressing urinary management issues, as well as an ICU checklist for urinary catheter appropriateness, are provided in the 2015 Ann Arbor criteria (21) . Several studies have shown that using an approved indication list helps reduce urinary catheter use (25) (26) (27) (28) (29) (30) (31) (32) . Requiring a urinary catheter placement order by a physician has also shown some success in encouraging appropriate catheter use (30, 33) . Of individual studies that included assessing appropriateness as an intervention, 9 showed a decrease in CAUTIs (25) (26) (27) (28) (29) (30) (31) (32) (33) , including 3 with statistically significant reductions (25, 26, 28) .
Tier 1B: Encourage Use of Alternatives to Indwelling Urinary Catheters
Encouraging use of alternatives to indwelling urinary catheters (tier 1B) was selected as an intervention to decrease not only risk for CAUTIs but also noninfectious complications of urinary catheters, such as ure-thral trauma from placement and removal resulting in pain, hematuria, and scars in the form of urethral strictures (34 -36) . Common interventions to promote alternatives to urinary catheters include education about external catheters (25-27, 32, 37-40) , urinary retention protocols (26, 29, 33, 39) , and bladder scanner simulation training (27) . All 10 of these studies showed a decrease in CAUTI, with 5 being statistically significant (25, 26, 37, 39, 40) . Participants in the STRIVE initiative were provided education on indications for use of external catheters and straight catheters (21) , and examples of alternative options, such as use of bladder scanners and incontinence products. We also provided STRIVE participants with solutions to overcome common barriers, such as the need for accurate intake and output measurement and lack of available or appropriate catheter alternative supplies.
Tier 1C: Ensure Proper Aseptic Insertion Technique and Maintenance Procedures
Ensuring proper aseptic insertion and maintenance (tier 1C) is considered standard of practice. However, the evidence base for aseptic insertion and maintenance is not well developed, nor is it anticipated to ever be further developed. It would be difficult to obtain approval and recruit participants for a randomized controlled study of aseptic indwelling catheter insertion versus "clean" technique (currently used for intermittent straight catheterization in the nonacute setting) because the leading infection prevention organizations have long-established recommendations of aseptic insertion of indwelling catheters in the acute care setting Preventing Catheter-Associated Urinary Tract Infection (16 -18) . In addition, such a study could put hospitals at risk because their CAUTI rates are compared and they are penalized for Medicare payment on that basis (11) . It is believed that adherence to aseptic insertion practices is vital to CAUTI prevention, because one of the ways that organisms can enter the bladder is during catheter insertion (41, 42) . Maintenance care is equally important, because organisms also enter through the catheter lumen (from a colonized drainage bag) and along the external surface of the catheter (41, 42) . Interventions focused on this aspect of CAUTI prevention include the use of a urinary catheter insertion cart (43), use of a standardized urinary catheter kit (21, 25, 26) , aseptic insertion training (21, 25, 26, 32, 33, 37, 39, 40, 44 -47) , use of a commercial securement device (26, 38) , urinary catheter maintenance care training (21, 25-27, 29, 32, 33, 37-40, 44 -47) , and use of a urinary tract infection bundle checklist (43, 45, 47) during patient care rounds. Of the 16 studies that included an intervention to ensure proper aseptic insertion or urinary catheter maintenance care, 15 showed a decrease in CAUTIs (25-27, 29, 32, 33, 37-40, 43-47) , including 7 studies showing a statistically significant decrease in CAUTIs (25, 26, 37, 39, 40, 43, 47) .
Despite the wealth of available evidence on ensuring proper aseptic insertion, a recent study (48) in which researchers observed 81 catheter insertion attempts in a level 1 trauma center emergency department showed that 59% of attempts had at least 1 major break in aseptic insertion technique, demonstrating room for improvement in this domain. Participants in the STRIVE initiative were encouraged to utilize a simple checklist developed by the American Nurses Association to guide the insertion process (20) . A CAUTI maintenance bundle checklist was also included in the education for this STRIVE intervention (49) .
Tier 1D: Optimize Prompt Removal of Unneeded Catheters
Interventions to prompt removal of catheters when no longer necessary were included in tier 1 (as tier 1D) because physicians are often unaware when their patients have a urinary catheter; thus, catheters are often not removed promptly when no longer needed (50, 51) . Given that prolonged catheterization is the number 1 risk factor for CAUTI (42) , much research has focused on promptly removing urinary catheters that are no longer needed. Two main types of removal strategies have been studied extensively and have been shown to reduce CAUTI rates by more than 50%: urinary catheter removal reminders and urinary catheter removal stop orders (7) . Of the 15 studies reviewed, CAUTI rates were reduced in 14 (25-31, 33, 38, 46, 47, 52-54) and the reduction was statistically significant in 6 (25, 26, 28, 47, 52, 53) .
Tier 1E: Urine Culture Stewardship: Culture Only if Symptoms of UTI Are Present
Because suspected urinary tract infection is the most common cause of inappropriate antibiotic pre-scribing in the inpatient setting (55) and 20% to 80% of patients with asymptomatic bacteriuria receive antibiotics for a positive urine culture (56) , improving urine culture stewardship was included in tier 1 (as tier 1E).
In brief, urine culture stewardship interventions focus on avoiding sending urine cultures for asymptomatic patients except in a few rare clinical scenarios as recommended by IDSA (that is, for, pregnant patients and before urologic procedures where urethral mucosal bleeding is anticipated) (17, 57) . Urine cultures should not be sent on the basis of a change in urine odor or cloudiness. Furthermore, the IDSA recommends that urine cultures be sent only if the patient has signs or symptoms compatible with urinary tract infection, such as new-onset fever or rigors, altered mental status, or malaise without another identified cause (for example, pneumonia); flank pain; costovertebral area tenderness; acute hematuria; or pelvic discomfort. Dysuria, urgency, frequency, or suprapubic pain are only considered qualifying symptoms in a patient whose urinary catheter has recently been removed, but not during catheter use, because these symptoms can be related to irritation from the catheter itself. Urine culture stewardship interventions also commonly include clinician education and reminder strategies regarding the detailed diagnostic and treatment criteria for symptomatic CAUTI, often summarized from the IDSA guidelines (17, 57) .
It is recognized that urine culture stewardship interventions can change documented CAUTI rates by reducing urine culture ordering without affecting either urinary catheter placement or the development of urinary tract infections. However, the primary goal of urine culture stewardship is to reduce inappropriate antibiotic prescribing and antibiotic-related adverse events, which unfortunately are not uncommon in often frail patient populations at risk for having urinary catheters placed (58).
Studies supporting the benefit of urine culture stewardship interventions have been published in recent years (59 -62) . A before-and-after study of urine culture stewardship intervention with a contemporaneous control group, implemented in acute care and long-term care units, demonstrated statistically significant reductions in urine culture ordering in both settings, and significantly reduced antimicrobial prescribing for asymptomatic bacteriuria in the long-term care setting (60) .
Tier 2 Interventions to Prevent CAUTI
Hospitals were advised to first implement all of the tier 1 interventions and review and audit compliance with tier 1 measures. If CAUTI rates remained elevated despite standardizing supplies, procedures, and processes, hospitals were then instructed to proceed to tier 2 interventions.
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Tier 2A: Perform Needs Assessment With the CAUTI GPS and Targeted Assessment for Prevention Strategy
For use if CAUTI rates remain elevated, tier 2 consists of enhanced interventions, beginning with a selfadministered and validated needs assessment survey (tier 2A) called the CAUTI guide to patient safety (GPS) (Figure) . The CAUTI GPS is available at www.catheter out.org/cauti-gps.html (63) (64) (65) and is described in the accompanying article by Saint and colleagues (66) in this STRIVE supplement. On the basis of the results of the GPS, hospitals are provided guidance regarding basic prevention steps in tier 1 that may need additional attention to optimize prevention, as well as advice on prioritization of the more time-and resourceintensive enhanced practices of tier 2.
The Targeted Assessment for Prevention (TAP) strategy is another resource for performing selfassessment and identifying resources to address identified gaps in prevention of CAUTI, CLABSI, and Clostridioides difficile infection (67) . The CAUTI TAP strategy (68) , for use by a single health care facility, consists of 3 components: 1) running TAP reports from NHSN to identify units with higher CAUTI rates than anticipated, 2) administering TAP facility assessment tools to identify gaps in infection prevention by location, and 3) accessing infection prevention resources in the TAP implementation guides to address any gaps.
Tier 2B: Conduct Catheter Rounds With Targeted Education to Optimize Appropriate Use
The first enhanced prevention practice recommended was conducting catheter rounds with targeted education on appropriate use (tier 2B). Five studies included indwelling urinary catheter rounds as an intervention (26 -28, 38, 43) . All of the studies showed a reduction in CAUTI, with 3 showing a statistically significant reduction (26, 28, 43) .
Tier 2C: Feed Back Infection and Catheter Use to Frontline Staff in Real Time
The next enhanced practice recommended was feeding back CAUTI and catheter use data to frontline staff in real time (tier 2C). We found 12 studies that used this intervention, with all but 2 reporting a reduction in CAUTI (21, 26, 27, 32, 33, 37-40, 43, 46, 69) . Five of these studies reported a statistically significant reduction in CAUTI (26, 37, 39, 40, 43) .
Tier 2D: Observe and Document Competency of Catheter Insertion: Education and Observed Behavior
Observing catheter insertion to confirm procedural competency, along with providing education and feedback to optimize insertion, was also recommended (tier 2D). Although we anticipate that many hospitals require observation of catheter insertion technique in new clinician hires or recent graduates, periodic observation of catheter insertion for employees after their initial hire is not yet common in many hospitals, thus this was recommended as a tier 2 intervention. This was not recommended in tier 1 because periodic observations for clinicians who place urinary catheters can be resource-intensive. This could, for example, instead be done on an annual basis or as an additional intervention for units that are having difficulties with CAUTI. Ten study interventions included measurement of intervention compliance (26, 27, 32, 37, 39, 40, 44, 47, 69, 70) , though the details of compliance that were measured beyond hand hygiene were often not specified; 9 of these studies showed a decrease in CAUTI, with 6 of them showing a statistically significant decrease (26, 37, 39, 40, 47, 70) , supporting the value of measuring compliance. Participants in the STRIVE initiative were encouraged to use the American Nurses Association's CAUTI Prevention Tool, which can be used as both a checklist and a competency assessment for catheter insertion (20) .
Tier 2E: Perform Full Root-Cause Analysis or Focused Review of Infections
Tier 2 also included the enhanced practice of performing either a full root-cause analysis or a focused review of each CAUTI event (tier 2E), in order to review contributing factors and make further recommendations to clinicians and units to optimize future prevention. Although this practice was studied and was supported by a decrease in CAUTI in only 1 study (26) , it is considered valuable and is part of the Comprehensive Unit-based Safety Program approach to HAI prevention (71). Participants in the STRIVE initiative were advised to use the AHRQ Learn from Defects tool to understand how to perform and learn from this enhanced practice (72).
CONCLUSION
Informed by recently published literature reviews, guidelines, and the clinical expertise of a multidisciplinary team, a tiered approach to prioritize and implement CAUTI prevention strategies was developed to inform intervention adoption by acute care, long-term acute care, and critical access hospitals participating in a national initiative funded by the CDC. Tier 1 consists of standardizing basic supplies, procedures, and processes to address steps to disrupt the life cycle of urinary catheters and avoiding urine culture ordering for asymptomatic patients. Tier 2 begins with a selfadministered needs assessment survey to highlight tier 1 interventions that may need better implementation, as well as to select and prioritize among tier 2 enhanced practices and implement those that are more time-and resource-intensive.
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